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Abstract  
This paper deals with the international meteorological and hydrological training issue and its evaluation approach 
based on the teaching practice and experience during last twenty years at World Meteorological Organization 
Regional Training Centre (WMO RTC) in Nanjing. The success of the training courses which are organized by the 
RTC Nanjing in the framework of Guidelines for the Education and Training of Personnel in Meteorology and 
Operational Hydrology (WMO- No. 258) has been widely recognized by those countries which benefit from the 
training programs as well as the WMO and other related international organizations. The design of the training 
syllabuses fulfils the Member’s training requirements of WMO. Some new training courses which reflect the 
advances in meteorology and hydrology have also been offered in order to enhance the capabilities of trainees in the 
use of the up-to-date numerical products. In addition to face-to-face teaching, blended learning has been introduced 
for some training courses to enhance the training efficiency. Based on the “CIPP model” and “Kirkpatrick Four 
Levels Model”, a more efficient evaluation system for the international meteorological and hydrological training has 
been established. Results show that this evaluation system is capable of assessing the training target, the training 
results as well as training itself. The evaluation index system consists of six indices which focus on the training 
subjects and trainees, respectively. The application of this evaluation system in the international meteorological and 
hydrological training has significantly improved the training efficiency and training itself at RTC Nanjing. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.  Introduction 
 Qualified and competent personnel are essential to the success of National Meteorological and 
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Hydrological Services (NMHSs) around the world. Successful international training of the personnel is of 
importance for developing countries, particularly least developed countries (LDCs) to enhance 
capabilities of NMHSs. With the sponsorship of Voluntary Cooperation Programme (VCP) of China 
Meteorological Administration (CMA) and the Foreign Aid Training Programs of Ministry of Commerce, 
the People’s Republic of China, as well as the bilateral cooperation training projects between China and 
other countries, the WMO RTC Nanjing has trained more than 1000 Meteorologists and Meteorological 
Technicians from more than 120 countries mainly in Asia-Pacific, the Middle East, Africa, Latin America 
and East Europe since 1990. The success of the training activities at RTC Nanjing has been widely 
recognized by those countries which benefit from the training programs as well as the WMO and other 
associated international organizations.  
Establishment of an evaluation system is critical to the success of training activities [1]. Scientists 
have previously proposed a few evaluation models, among which the well-known “Kirkpatrick Four 
Levels Evaluation Model” focuses on the training results. Some other models focus on training itself, 
such as “CIPP Model”[2]. An efficient evaluation system should include a series of evaluation procedures 
assessing the training target, training itself and the results of training. This paper takes the advantages of 
“CIPP Model” and “Kirkpatrick Four Levels Model” [3] to build a more effective evaluation system for 
meteorological and hydrological training [4].
2. Training Requirements in Meteorology
Since 1985 seven world-wide surveys on the training requirements, opportunities and capabilities 
have been undertaken by the WMO Secretariat in order to assess its members' training requirements from 
an international perspective, provide a basis for adjustments and improvements in the planning and 
implementation of the WMO's Education and Training Programme and explore its members' capabilities 
and capacities for the continued development of their national meteorological and operational 
hydrological services. Actually, the priority training requirements are different in different countries or 
regions. The survey in 2006 [5] showed that 61% of the respondents undertook periodic refresher training 
for Meteorologists, 67% run periodic refresher training programs for Meteorological Technicians; 66% 
organize specialized training for Meteorologists and 75% for Meteorological Technicians, as required. 
This indicates that specialized training for Meteorologists and Meteorological Technicians was conducted 
by most NMHSs. Normally this kind of training was provided in the form of short-term training. The 
survey reveals that Numerical Weather Prediction (NWP) is regarded as the top priority subject among 
the nations over the world for the short-term development training requirement in meteorology, and 
followed by satellite meteorology and weather forecasting. For countries in Europe, urban meteorology 
and air pollution is one of the important subjects, which is believed that it is related to urbanization and 
industrialization.  
Nowadays, the numerical weather prediction (NWP) has become the major guidance in our daily 
weather forecast, and we can predict the weather for up to two weeks in advance with considerable 
forecast skill [6]. Since the early 1990s, ensemble prediction which can provide an a priori measure of 
forecast skill has been operational at both ECMWF [7] and at the National Centers for Environmental 
Prediction (NCEP) in the United States [8]. Probability forecasts for a wide range of weather events are 
generated and disseminated for use in the operational centers. These have become the key guidance for 
medium-range prediction at ECMWF and NCEP and seasonal predictions with a range of several months 
at the ECMWF and NOAA Climate Prediction Center (CPC). In the future, our daily weather forecast is 
increasingly dependent on the capable use of NWP products, especially enormous ensemble products 
provided by major prediction centers around the world. During the 2007 and 2008 annual meetings of the 
CoCom/SCHOTI providing suggestions and recommendations on meteorological and hydrological 
training issues to WMO, the training on ensemble prediction and probabilistic prediction was suggested 
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as a top priority field for meteorological and hydrological training in both developed and developing 
countries.  
Operational meteorological satellites provide routine observations of weather conditions as well as 
an ever increasing range of environmental properties, such as aerosol, dust and ash clouds from volcanic 
eruptions, ozone, and land vegetation cover etc. Satellite images are indispensable for Meteorologists to 
conduct weather forecasting. Hence, satellite meteorology has become increasingly important in the 
training priority in recent years, especially for developing countries where satellite data are provided via 
international cooperation projects by NOAA, EUMETSAT as well as CMA. 
3. International Meteorological Training at RTC Nanjing 
3.1Training Syllabuses 
According to the Guidelines for the Education and Training of Personnel in Meteorology and 
Operational Hydrology (WMO- No. 258) [9], qualification requirements for a Meteorologist include 
completion of BIP-M programme for personnel with University-level degree in meteorology or 
completion of a condensed BIP-M programme for personnel with postgraduate diploma or master degree 
in meteorology.  
As shown in Table I, the training syllabuses at RTC Nanjing during last five years were set to fulfill 
the majority of Member’s training requirements in the framework of BIP-M programme. In addition, 
some new courses, i.e. Climate Change and Its Impacts and Mitigation, Multi-hazard Early Warning, 
Assessment of Social and Economic Benefits of   Weather, Climate and Water Services, Meteorological
Information Service, Management of Meteorological Services for Meteorological Administrators of 
Developing Countries etc. have been offered to meet the demands of NMHSs. As the global climate 
change has become one of the most pressing issues for government, industry and civil society in 21st
century, the lectures on climate change and its impacts have been offered in most training courses. 
Ensemble prediction and multi-model superensemble prediction as well as probabilistic prediction have 
also been introduced to trainees from developing countries in order to enhance the capabilities of trainees 
in the use of the up-to-date numerical weather prediction products. 
TABLE I    The Training Syllabuses At RTC  Nanjing  During Last Five Years 
1. Numerical Weather Prediction (NWP) 
2. Satellite Meteorology ǂ
3. Weather Analysis and Forecasting 
4. Agrometeorology  
5. Long-rang Weather Forecasting/Seasonal Prediction 
6. Synoptic Meteorology 
7. Statistical Weather Forecasting
8. Climatology 
9. Aeronautical Meteorology 
10. Dynamic Meteorology 
11. Mesoscale Meteorology 
12. Monsoon 
13. Tropical Meteorology 
14. Tropical Cyclone 
15. Weather Modification  
16. Radar Meteorology  
17. Use and Maintenance of Meteorological  Instruments  
18. Climate Change and Its Impacts and Mitigation 
19. Multi-hazard Early Warning 
20. Assessment of Social and Economic Benefits of Weather, Climate and Water Services 
21. Meteorological Information Service  
22. Management of Meteorological Services for Meteorological Administrators 
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3.2 Training Methods 
Traditionally, short-term international training in meteorology and operational hydrology chose 
face-to-face teaching in classroom. Most of training courses held at RTC Nanjing took the form of face-
to-face interactive training. Provided that a syllabus is chosen, the success of a training course depends 
largely on the choice of instructors and training materials. RTC Nanjing invited distinguished 
academicians, scholars as well as experienced experts in meteorology and hydrology from other 
institutions both in China and overseas in addition to professors at Nanjing University of Information 
Science and Technology (NUIST) to be instructors for each training course (see figure 1). In addition, 
study tours to operational meteorological and hydrological services as well as instrument manufacturers 
have been provided in order to enhance the practical capabilities of trainees (see figure 2). Text books 
and lecture notes on a variety of fields of specialization have been edited by NUIST professors and 
distinguished experts both from China and overseas. At the end of each course, a CD with all lecture 
notes and other training materials was presented to trainees so that they can review and learn by 
themselves when they came back to their homelands.                                                              
Fig. 1 Dr. Jeffrey Lazo, a well-known scientist from National Center for Atmospheric Research, USA, was delivering a lecture at
RTC Nanjing in summer 2009. 
Fig. 2 Prof. Jiao Meiyan (center) from CMA interpreted the weather forecasting tools in National Meteorological Center to the 
trainees in summer 2007.   
1126   Xiefei Zhi et al. /  Procedia Environmental Sciences  12 ( 2012 )  1122 – 1128 
In recent years, blended learning has become increasingly important for the training of staffs in 
NMHSs and the related institutions. According to De Praetere[10], whether a training course should be 
proposed as a face-to-face teaching, an online course or a blended course depends on the analysis of the 
competences at stake, the nature and location of the audience, and the resources available. Blended 
learning increases the options for greater quality and quantity of human interaction in a learning 
environment. Blended learning offers learners the opportunity “to be both together and apart” [11]. In 
addition to the face-to-face interactive teaching, more and more e-learning and online courses have been 
offered in meteorological and hydrological training institutions for the sake of saving training 
expenditure and sharing training resources. The training course on the application of satellite images in 
weather forecasting held at RTC Nanjing took the form of online training and telelearning and shared 
training resources including instructors and training materials with a same training course held in 
Australian Bureau of Meteorology [12].
4. An Evaluation System For Meteorological And Hydrological  Training 
4.1 Evaluation  Models 
As indicated previously, an efficient evaluation system of the training should be capable of assessing 
the training target, the training results as well as training itself. The CIPP Model [2] is a comprehensive 
framework for guiding evaluations of programs, projects, personnel, products, institutions, and systems. 
Nevertheless, there is a risk that it may be directed only by ‘experts’ or ‘outsiders’, and for this reason it 
is essential to identify ways in which various stakeholders can be significantly involved. “CIPP Model” 
consists of context evaluation, input evaluation, process evaluation and product evaluation. Context 
evaluation includes examining and describing the context of the program, conducting a needs and goals 
assessment, determining the objectives of the training program etc. Input evaluation is to examine the 
inputs and resources and compare them with other programs etc. Process evaluation is to describe how 
the training program was implemented and who was involved and what problems were experienced. 
Product evaluation includes determining and examining the general and specific outcomes of the program, 
measuring anticipated outcomes, trying to identify unanticipated outcomes, assessing the benefit of the 
program, conducting cost effectiveness assessment. Product evaluation is very useful in making 
summative evaluation decisions. 
Donald Kirkpartick [3] has developed a very popular evaluation model that has been widely used by 
the training institutions since the late 1950s. This kind of evaluation model focuses on measuring four 
kinds of outcomes that should result from a highly effective training program. It includes reactions 
evaluation, learning evaluation, transfer evaluation, and results evaluation. 
4.2 Construction of an Evaluation Index System  
The evaluation of target setting, supportive environment, development and utilization of resources, 
the quality of instructors, training content and process, training environment and result and training 
objects belongs to training itself, so we implement “CIPP Model”. Meanwhile, the “Kirkpatrick Model” 
which focuses on the training results was also applied to evaluate the training effectiveness. 
As indicated in Table II, the evaluation index system consists of six indices which focus on the 
training subjects and trainees, respectively. Four topics, namely, 1) the overall reaction to the training 
course, 2) reaction to the training environment, 3) reaction to the target and content of the training 
programs, and 4) participation in the training course and the gain of trainees from the training course are 
included in the survey questionnaires, which reflect the six indices mentioned above.   
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TABLE II   Evaluation Index System For Training Courses In Meteorology and Hydrology 
Evaluation Index Topics in Questionnaires 
1. The overall reaction to the 
training 
Topic 1. The overall reaction to the 
training course
2. Reaction to the training  
environment 
Topic 2. Reaction to the training 
environment 
Training facilities; 
Training resources; 
Supportive environment
3. Reaction to the training 
target
4. Reaction to the training 
content
Topic 3. Reaction to the target and 
content of the training course 
Consistency of the content and target 
Richness of the content; 
Diversity of training activities; 
Interactions between instructors and 
trainees; 
Correlation between the training 
target and the work of trainees; 
Practicality of the training materials
5. Participation of the training 
6. Reflection on the learning 
results
Topic 4. Participation in the training 
course and the gain of trainees 
Participation time per day; 
Acceptance of the training contents; 
Factors influencing the training; 
Highlights of the training; 
Training  results 
5.  Summaries 
During last 20 years, more than 1000 Meteorologists and Meteorological Technicians from about 
120 countries have been successfully trained at WMO RTC Nanjing. Many developing countries, 
especially LDCs benefit from the   training activities sponsored by CMA Voluntary Cooperation 
Programme, the Foreign Aid Training Programme of Ministry of Commerce, the People’s Republic of 
China, as well as the bilateral cooperation training projects. The success of the training courses which are 
organized by the RTC Nanjing in the framework of Guidelines for the Education and Training of 
Personnel in Meteorology and Operational Hydrology (WMO- No. 258) has been widely recognized by 
those countries which benefit from the training programs as well as the WMO and other related 
international organizations. The design of the training syllabuses fulfils the Member’s training 
requirements of WMO. As the global climate change has become one of the most pressing issues for 
government, industry and civil society in 21st century, the lectures on climate change and its impacts have 
been offered in most training courses. Some new training courses which reflect the advances in 
meteorology and hydrology have also been offered in order to enhance the capabilities of trainees in the 
use of the up-to-date numerical weather prediction products. In addition to the traditional face-to-face 
interactive teaching in classroom, e-learning and telelearning were provided to improve the training 
efficiency.
Based on the “CIPP model” and “Kirkpatrick Four Levels Model”, a more efficient evaluation 
system for the international meteorological and hydrological training has been established. This 
evaluation system is capable of assessing the training target, the training results as well as training itself. 
The evaluation index system consists of six indices which focus on the training subjects and trainees, 
respectively. Four topics, namely, the overall reaction to the training course, reaction to the training 
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environment, reaction to the target and content of the training programs, and participation in the training 
course and the gain of trainees from the training course are included in the survey questionnaires. The 
application of this evaluation system in the international meteorological and hydrological training has 
significantly improved the training efficiency and training itself at RTC Nanjing. 
References
[1] Y. Wang and X. Zhi, “An Evaluation System for the Online Training Programs in Meteorology and Hydrology”, 
International Education Studies, 2009, 2(4): 45-48. 
[2] D. L. Sutfflebeam, “The CIPP model for evaluation”. In T. Kellaghan & D. L. Stufflebeam (Eds.), International handbook of 
educational evaluation. Kluwer Academic, Dordrecht, pp. 31-62, 2003. 
[3] D. L. Kirkpatrick and J. D., Kirkpatrick, Evaluating Training Programs: The Four Levels. Berrett-Koehler Publishers, 379pp,
2006. 
[4] Y. Wang and X. Zhi, “Quality Evaluation System of Classroom Training for Meteorologists Based on Kirkpatrick Model”, 
Continuing Education, 2008, 22(7), 52-54. 
[5] WMO, WMO Survey 2006: Education and Training Programme ETR-No.19, 2007, WMO/TD-No.1380, Geneva. 
[6] X. Zhi, “Introduction”, Numerical Weather Prediction, pp. 1-7. WMO RTC Nanjing, 2010. 
[7] R. Buizza, M. J. Miller and T. N. Palmer, “Stochastic simulation of model uncertainties in the ECMWF ensemble prediction 
system”, Q. J. Roy. Meteor. Soc., 1999, 125:2887–2908. 
[8] Z. Toth and E. Kalnay,“Ensemble forecasting at NMC: the generation of perturbations”, Bull. Am. Met. Soc., 1993, 74: 
2317-2330.  
[9] I. F. Drãghici, G. V. Necco, R. W. Riddaway, J. T. Snow, C. Billard, and L. A. Ogallo, Guidelines for the Education and 
Training of Personnel in Meteorology and Operational Hydrology (WMO- No. 258)”, Volume I: Meteorology, Fourth Edition, 2001, 
318pp,WMO, Geneva. 
[10] T. De Praetere, “E-learning”, 2008. http://knol.google.com/k/thomas-de-praetere/e-learning/20ohkjtmn38cb/2#. 
[11] D. R. Garrison and H. Kanuka, "Blended learning: Uncovering its transformative potential in higher education". The 
Internet and Higher Education, 2004ˈ7 (2): 95–105. 
[12] Y. Wang, X. Zhi and Q. Wu, “Exploration of Building Blended Training Model Based on Blended Learning Theory”, 
Continuing Education, 2009ˈ23 (6), 35-37. 
